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ABSTRACT 


The  retinae  of  rainbow  trout  (Salmo  gairdneri)  have  mixtures  of  two 
visual  pigments,  one  a  retinenei  (VP502i)  and  the  other,  a  retinene2  pig¬ 
ment  (VP5272) .  By  the  method  of  partial  bleaching,  it  was  possible  to 
determine  the  proportions  (expressed  as  percentage  of  VP5272)  of  the  two 
visual  pigments.  Wide  variation  in  percentage  of  VP5272  was  found  among 
individuals  sampled  at  the  same  time.  This  problem  was  partially  eliminated 
by  removing  the  right  eye  and  determining  the  initial  percentage  of  VP5272 
prior  to  an  experiment . 

Increases  in  the  proportion  of  VP5272  or  maintained  high  percentages 
of  VP5272  which  cause  a  positioning  of  absorbance  maxima  toward  longer 
wavelengths,  were  induced  in  two  ways:  1)  by  increased  dietary  intake  of 
vitamin  A2  and  2)  by  intraperitoneal  injection  of  L-thyroxine.  The  pro¬ 
portion  of  VP5272  appeared  to  decrease  slightly  in  the  summer  in  fish  from 
the  rearing  station,  however,  levels  of  VP5272  were  above  50  per  cent  at 
all  times.  In  the  laboratory,  the  percentage  of  VP5272  appeared  to  remain 
stationary  under  reduced  light  intensity  whereas  the  controls  in  normal 
light  showed  a  decrease  in  the  percentage  of  VP5272.  Certain  possibilities 
are  advanced  regarding  the  biochemical  changes  involved. 
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INTRODUCTION 


Recent  studies  of  vertebrate  visual  pigments  have  shown  that  much 
greater  variability  occurs,  especially  among  teleost  fishes,  than  Wald's 
classic  theory  proposed.  Wald  stated  that  marine  and  terrestrial  verte¬ 
brates  have  a  visual  pigment,  rhodopsin  (Wald,  1938,  1939ajb),  and  that 
freshwater  vertebrates  have  the  more  red-sensitive  visual  pigment, 
porphyropsin  (Wald,  1937,  1939b).  The  prosthetic  group  of  rhodopsin  is 
retinenej  (aldehyde  form  of  vitamin  Ai)  and  that  of  porphyropsin  is 
retinene2  (aldehyde  form  of  vitamin  A2) ,  (Wald,  1935 a3bt  1939a,b).1 
Wald  (1941)  also  concluded  that  euryhaline  species  have  a  mixture  of  both 
visual  pigments  (visual  pigment  pair)  with  the  predominant  pigment  being 
the  one  characteristic  of  the  spawning  environment.  In  this  thesis,  the 
term  'paired  pigments'  refers  specifically  to  the  presence  of  two  pros¬ 
thetic  groups:  one  derived  from  vitamin  Ai,  the  other  from  vitamin  A2; 
but  using  the  same  opsin  to  form  the  two  visual  pigments  (Bridges,  1965c). 

Such  simplified  conclusions  concerning  the  distribution  of  visual 
pigments  are  no  longer  applicable  to  teleost  fish.  Schwanzara  (1967) 
stated  that  retinenei-  and  retinene2-based  visual  pigments  occur  with 
almost  equal  frequency  in  freshwater  fish;  that  retinene2  pigments  can 
occur  in  marine  fish  and  that  many  visual  pigment  pairs  occur  in  non- 
migratory  and  non- euryhaline  species.  Seasonal  variation  in  the  proportion 
of  two  visual  pigments,  caused  by  change  in  proportion  of  the  two  pros¬ 
thetic  groups,  has  also  been  reported  in  Pacific  salmon,  Genus  Onchorhynohus t 

^ore  recent  terms  proposed  by  the  International  Conference  of  Biological 
Nomenclature  are  retinal  (retinenej,  3-dehydroretinal  (retinenej , 
retinol  (vitamin  AJ  and  3-dehydroretinol  (vitamin  A2) .  However,  as  retinal 
may  be  confused  with  "of  the  retina",  the  older  terms  will  be  used. 
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(Beatty,  1966),  the  rudd,  Soardinius  erythrophthalmus  (Dartnall,  et  at., 
1961)  and  other  teleost  species  (Bridges,  1965b) .  Bridges  (1964,  1965a) 
has  shown  that  variation  in  the  relative  proportions  of  the  two  visual 
pigments  among  individuals  is  common  at  any  particular  time  in  some  fishes 
(Notemigonus  crysoleucas  and  Belonesox  belizanus) . 

What  causes  the  changes  in  visual  pigment  ratios  in  a  paired-pigment 
species?  Is  there  a  direct  genetic  control  mechanism  or  are  such  factors 
as  diet,  light  environment,  temperature  or  hormones  of  equal  importance? 

Most  workers  have  apparently  eliminated  the  possible  influence  of 
diet  on  changes  in  visual  pigment  composition.  Wald  (1939a)  pointed  out 
that  Mfish  with  entirely  different  feeding  habits  had  the  same  visual 
pigment  composition,"  and  Wald  (1960)  stated  that  "the  pattern  of  visual 
systems  is  determined  genetically  rather  than  by  environment."  Other 
authors  have  also  shown  that  changes  in  the  proportions  of  the  two  visual 
pigments  can  occur  when  animals  are  not  eating  or  are  eating  a  diet  lacking 
the  predominant  prosthetic  group  or  its  immediate  precursor.  Specific 
examples  include  metamorphosing  tadpoles  of  Rana  oatesbeiana  and  spawning 
Pacific  salmon  (Wilt,  1959a;  Beatty,  1966). 

The  effects  of  dietary  supplementation  with  carotenoids  on  the  liver 
storage  of  the  vitamins  A,  are  fairly  well  documented.  Feeding  experiments 
have  shown  that  rats,  frogs  and  marine  fish  stored  only  vitamin  Ai  when 
given  excess  6-  carotene  (Gillam,  1938)  or  zooplankton  carotenoid  extracts 
(Lane,  1950),  but  were  capable  of  the  storage  of  preformed  vitamin  A2  in 
the  liver  (Gillam,  1938;  Lederer  and  Rathman,  1938;  Jensen  et  al 1943). 
When  freshwater  fish,  Clarias  lazera  and  Tilapia  nilotioa3  that  normally 
contain  only  vitamin  A2  were  given  excess  vitamin  k\t  vitamin  Ai  was  stored 


in  the  liver  and  was  not  converted  to  vitamin  A2  to  any  appreciable  extent 
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(Morcos  and  Salah,  1951) .  When  given  excess  B-carotene  or  carotenoid 
derivatives,  some  freshwater  fish,  Perea  fluviatilis3  Lebistes  retieulatus 
and  Xiphophorus  variatus3  increased  the  formation  of  both  forms  of  vitamin 
A  (Morton  and  Creed,  1939;  Gross  and  Budowski,  1966).  More  recent  experi¬ 
ments  have  shown  that  mice  and  chicks  given  the  carotenoid,  anhydrolutein, 
stored  vitamin  A2  in  the  liver  (Budowski  and  Gross,  1965;  Budowski  et 
al . j  1963) . 

The  possible  influence  of  changes  in  the  carotenoid  composition  of 
the  diet  on  the  visual  pigments  has  been  less  well  studied.  Shantz  et  al. 
(1946)  were  able  to  show  in  the  rat,  a  conversion  of  part  of  the  rhodopsin 
system  to  a  porphyropsin  system  in  12  weeks  using  a  supplement  of  vitamin 
A2  extracted  from  livers  of  walleye  (Stizostedion  vitreum) .  Kampa  (1953) 
was  able  to  increase  the  amount  of  rhodopsin  in  the  pure  rhodopsin  retina 
of  mudsucker s  (Gilliehthyes  mirabilis)  by  supplementing  the  diet  with 

halibut  oil  rich  in  vitamin  .  Auerbach  et  al.  (1966)  were  able  to 
increase  the  red  sensitivity  of  chicks  by  dietary  supplementation  with 
anhydrolutein. 

The  visual  pigment  composition  has  also  been  related  to  the  character 
of  the  light  environment,  its  spectral  intensity  and  photoperiod.  Munz 
(1965)  summarized  his  own  and  other  studies  by  stating  "the  distribution 
of  the  chief  visual  pigments  may  be  correlated  with  the  spectral  quality 
of  light  available  in  different  habitats."  Schwanzara  (1967)  stated  that 
retinene2  visual  pigments  are  more  common  in  temperate  zones  due  to  reduc¬ 
tion  in  solar  light  intensity  plus  a  relative  increase  in  longer  wavelengths. 
Seasonal  changes  in  the  proportion  of  two  visual  pigments  have  been 
correlated  with  annual  variation  in  photoperiod  and  water  turbidity 
(Dartnall  et  al.3  1961;  Bridges,  19656) .  Similar  changes  have  been 
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produced  in  the  laboratory  by  manipulation  of  the  light  environment 
(same  authors) . 

The  mechanism  of  this  light  influence  is  still  not  clear.  Hormonal 
control  via  the  pituitary-gonad  and  pituitary-thyroid  axes,  has  been 
suggested  in  the  effect  of  the  light  envirohment  on  seasonal  cycles. 
Changes  in  visual  pigment  composition  are  obviously  correlated  with 
sexual  maturity  in  sea  lampreys,  Petromyzon  marinue 3  European  eels, 
Anguilla  anguilla3  and  migrating  Pacific  salmon  (Wald,  1942,  1947; 
Carlisle  and  Denton,  1957,  1959;  Beatty,  1966). 

Similarly,  changes  in  the  proportions  of  two  visual  pigments  have 
been  found  during  metamorphosis  in  many  amphibian  species:  bullfrog, 

Rana  oatesbeiana;  Pacific  tree  frog,  Hyla  regilla 3  and  spotted  newt, 
Diemictylus  virideseens  (Wald,  1947;  Crescitelli,  1958a.,b;  Wilt,  1959a). 
The  thyroid  has  been  suggested  as  a  control  mechanism  in  studies  of 
visual  pigment  changes  during  thyroxine-induced  metamorphosis  of  the 
bullfrog  tadpole  (Wilt,  1959a.,b) .  Wilt  recorded  a  conversion  from 
retinene2-  to  retinene* -based  visual  pigments  after  local  implantation 
of  cholesterol  pellets  containing  thyroxine.  Ohtsu  et  al .  (1964) 
proposed  a  decreased  ability  of  the  ocular  tissue  to  synthesize 
retinene2  from  vitamin  during  bullfrog  metamorphosis.  Naito  and  Wilt 
(1962)  found  a  decrease  in  the  formation  of  retinene2  from  vitamin  Ai 
acetate  in  the  presence  of  tri-iodothyronine  in  the  sunfish,  Lepomis  spp. 
Munz  and  Swanson  (1965)  reported  an  increase  in  the  retinene2-based 
visual  pigment  in  rainbow  trout  treated  with  thyroxine.  Trout  receiving 
thiourea  showed  a  decrease  in  the  retinene2-based  visual  pigment. 

The  purpose  of  this  study  was  to  investigate  changes  in  the  relative 
proportion  of  the  two  visual  pigments  in  a  freshwater  teleost  fish,  the 
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rainbow  trout  (Salmo  gairdneri) .  Munz  and  Beatty  (1965)  have  shown  that 
rainbow  trout  visual  pigments  have  absorbance  maxima  (A  )  at  503  nm  and 
527  nm.  The  Amax  of  the  retinene^  visual  pigment  has  recently  been 
corrected  to  502  nm  (Beatty,  D.D.,  personal  communication).2  The  original 
estimate  was  based  on  Dartnall’s  nomogram  (Dartnall,  1953)  which  is  in 
error  by  13  A0 . 

Two  major  areas  were  investigated;  1)  the  ability  of  supplemental 
dietary  vitamin  A2  to  cause  a  change  in  the  proportions  of  the  two  visual 
pigments  and  2)  the  effect  of  intraperitoneal  injection  of  L-thyroxine  on 
visual  pigment  composition.  In  addition,  an  attempt  was  made  to  follow 

j 

seasonal  changes  in  the  relative  proportions  of  the  two  visual  pigments 
in  hatchery-reared  fish  and  to  investigate  possible  changes  in  visual 
pigment  ratios  in  response  to  manipulation  of  the  laboratory  light 
environment . 


2  Rainbow  trout  visual  pigments  will  be  designated  by  the  short  forms 
VP502i  and  VP5272,  the  subscripts  referring  to  retinenei  and  retinene2 
as  the  prosthetic  groups,  respectively. 
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MATERIALS  AND  METHODS 


Background  Information  on  Fish 

Juvenile  rainbow  trout,  Salmo  gairdnevii  were  obtained  from  Raven 
Rearing  Station,  Crammond,  Alberta.  Trout  sampled  in  1967  and  early  1968 
had  hatched  in  February  1967,  and  were  taken  from  a  common  size  class 
which  increased  in  weight  from  5-50  g  during  the  sampling  period.  Samples 
for  the  late  summer  and  the  fall,  1968,  were  juveniles  which  had  hatched 
in  February  1968. 

At  the  Raven  Station,  fish  were  reared  in  large  outdoor  ponds, 
supplied  with  aerated  water  from  a  natural  spring  during  the  winter  and 
from  Raven  Creek  in  the  summer.  The  temperature  of  the  water  ranged  from 
4°C  in  the  winter  to  about  16°C  in  the  summer  (Appendix  I) .  The  light 
environment  closely  approximated  the  natural  situation  but  the  ponds  were 
never  frozen  over. 

Fish  were  held  in  the  laboratory  in  170  liter  tanks  receiving 
dechlorinated  tap  water  in  a  flow-through  system.  Temperature  controlled 
refrigeration  units  kept  the  temperature  at  10UC  (ii°C)  throughout  the 
project.  Fish  were  held  in  the  laboratory  for  as  long  as  3  months  prior 
to  or  during  an  experiment. 

All  fish  were  fed  once  daily  with  specially  prepared  pellets.3 
Mortality  was  very  low. 

Experimental  Design 
(1)  System  of  Controls. 

Because  the  relative  percentage  of  each  visual  pigment  varied  among 
individuals  (Table  1) ,  it  was  necessary  to  set  up  a  system  in  which  each 


3Clark  and  Co.,  Salt  Lake  City,  Utah,  U.S.A. 
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fish  became  its  own  control.  In  all  experiments,  the  right  eye  was  removed 
from  both  experimental  and  control  animals,  and  its  analysis  gave  the 

initial  percentages  of  VP5272.  At  a  specific  time  following  experimental 

treatment,  the  fish  were  sacrificed  and  the  left  eye  was  removed  and 
analysed.  It  was  felt  that  this  approach  would  reveal  any  change  in 
relative  proportion  of  VP5272  among  individuals  and  provide  a  more 

accurate  comparison  of  changes  due  to  treatment  as  compared  to  changes  in 

the  controls.  The  percentage  of  VP5272  in  right  and  left  eyes  removed  at 
the  same  time,  was  also  determined  in  a  separate  group  of  fish.  This  was 
to  insure  that  the  initial  percentage  of  VP5272  was  the  same  in  both  eyes, 
an  essential  feature  if  this  type  of  control  was  to  be  meaningful. 

(2)  Diet  Experiments 

Two  experiments  were  carried  out  to  determine  the  effect  of  supple¬ 
mental  dietary  vitamin  A2  on  visual  pigment  composition. 

Twenty-six  fish  were  fed  a  special  diet  consisting  of  chopped  walleye 
livers  (known  to  be  rich  in  vitamin  A2) ,  alternating  with  chopped  stewing 
beef,  while  20  fish  received  a  normal  pellet  diet.  Experimental  and  control 
fish  were  sacrificed  after  intervals  of  5,  7,  9,  10,  12  and  13  weeks  on 
the  diet. 

This  experiment  was  repeated  with  20  fish  fed  only  walleye  livers 
(about  0.4  g/day/fish)  and  16  receiving  the  standard  diet.  Experimental 
fish  were  sacrified  at  4  and  8  weeks.  Control  fish  were  sacrificed  at  4 
weeks.  Due  to  mechanical  failure  of  the  cooling  unit,  the  remaining 
control  fish  died  before  the  end  of  the  experiment.  Therefore,  6  fish 
from  the  stock  laboratory  supply  of  fish  obtained  at  the  same  time  from 
the  rearing  station,  served  as  controls  for  the  remainder  of  this  experi¬ 
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(3)  Thyroxine  Experiments 

Three  experiments  were  conducted  to  determine  the  effects  of  the 
injection  of  L-thyroxine  on  visual  pigment  composition.  The  L-thyroxine 
sodium  pentahydrate4  was  dissolved  in  ethanol  (95%)  made  slightly  alkaline 
with  ammonium  hydroxide .  All  injections  were  administered  intraperitoneally 
during  anesthesia  (.03%  W/V  methane  tricaine  sulphonate) 5 ,  using  either  a 
0.25  ml  glass  syringe  (23  gauge,  1-1/2  inch  needle)  or  a  0.10  ml  glass 
syringe . 

(a)  Experiment  1 

Thirteen  fish  were  injected  with  L-thyroxine:  4  received  150  yg 
(0.15  ml),  5  received  100  yg  (0.10  ml),  and  4  received  50  yg  (0.05  ml). 
Thirteen  control  fish  were  sham- injected  with  like  volumes  of  solvent.  The 
injections  were  repeated  after  6  and  10  days.  Three  control  and  3  experi¬ 
mental  fish  were  sacrificed  at  4,  7  and  10  days  after  initial  injection  and 
the  remaining  4  fish  in  each  group  at  13  days. 

(b)  Experiment  2 

Twenty  fish  were  injected  with  L-thyroxine:  4  fish  in  each  group 
receiving  either  200  yg  (0.4  ml),  100  yg  (0.2  ml),  50  yg  (0.1  ml),  25  yg 
(0.2  ml),  or  10  yg  (0.Q8  ml),  and  4  control  fish  were  sham-injected  with 
0.2  ml  of  solvent.  After  8  days,  all  fish  were  sacrificed. 

(c)  Experiment  3 

Sixteen  fish  were  injected  with  50  yg  (0.10  ml)  L-thyroxine  and 
were  sacrificed  at  intervals  of  7,  14  and  28  days  after  injection.  Twelve 
sham- injected  control  fish  were  sacrificed  at  7,  14  and  28  days. 


^Nutritional  Biochemicals,  Cleveland,  Ohio,  U.S.A. 

5Sandoz  Co.,  Basle,  Switzerland. 
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(4)  Light  Experiments 

During  the  course  of  this  investigation,  fish  recently  brought  from 
the  rearing  station  were  used  as  controls  for  certain  experiments.  Records 
were  kept  of  any  changes  in  visual  pigment  composition.  The  tanks  were 
illuminated  with  fluorescent  light  from  8  AM  to  5  PM  plus  natural  light 
through  the  windows  (intensity  at  590  nm— 1 . 82  yW/cm2/nm  measured  with  an 
Isco  Model  SR  spectroradiometer) .  Similarly,  a  group  of  fish  were  kept 
under  reduced  light  intensity  except  for  short  periods  of  feeding  (10  min) 
when  the  tank  lids  were  opened.  The  tanks  were  not  light-tight;  however, 
the  spectroradiometer  showed  zero  light  intensity.  Thus,  an  attempt  was 
made  to  test  the  possibility  of  changes  in  visual  pigment  composition  due 
to  changes  of  the  light  environment  in  the  laboratory. 

Operative  Procedure 

All  procedures  involved  in  removal  of  eyes,  dissection  of  retinae 
and  preparation  of  retinal  extracts  were  carried  out  in  a  darkroom  under 
dim  red  light  (Kodak  safelight  with  Wratten  Series  2  filter). 

Fish  were  dark-adapted  for  1-2  hours  before  enucleation.  Prior  to 
the  operation,  fish  were  lightly  anesthetized  with  0.03%  W/V  tricaine 
methane- sulphonate  dissolved  in  dechlorinated  tap  water.  During  surgery, 
fish  remained  entirely  immersed  in  water  containing  the  anesthetic. 

The  connective  tissue  between  the  eye  and  orbit  was  quickly  removed 
with  forceps,  the  wire  (chromel,  size  2)  loop  of  a  straight  tonsil  snare6 
was  placed  around  the  eye  and  tightened,  cutting  the  muscles  and  optic 
tract,  and  freeing  the  eye  from  its  socket.  A  cotton  swab  was  placed  in 
the  socket,  the  fish  was  quickly  tagged  (Monel,  1/2  in.,  numbered7)  anterior 


6 American  Hospital  Supplies  (Canada)  Corp.  Ltd.,  Toronto,  Ontario. 

National  Band  and  Tag  Co.,  Newport,  Ky.,  U.S.A. 
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to  the  caudal  fin  and  replaced  in  the  tank.  Small  pellets  of  aureomycin 
were  initially  dissolved  in  the  water  to  prevent  infection  but  this  was 
found  to  be  unnecessary  as  mortality  was  very  low. 

The  enucleated  eyes  were  placed  in  cold  4%  alum  (aluminum  potassium 
sulphate)  solution  in  light-tight  film  canisters  until  dissection.  The 
eye  or  pair  of  eyes  from  an  individual  were  kept  separate.  As  well, 
analyses  were  performed  on  one  eye  or  the  pair  from  a  single  fish. 

The  retina  was  dissected  free  from  each  eye  in  the  following  manner: 
the  eyeball  was  grasped  between  the  forefinger  and  thumb  and  an  incision 
was  made  across  the  cornea  at  the  corneo- scleral  junction.  Pressure  was 
applied  to  dislodge  the  lens.  This  was  followed  by  injection  of  4%  alum 
solution  to  free  the  vitreous  humor  from  the  surface  of  the  retina.  A 
second  jet  of  alum  solution  usually  dislodged  the  retina  which  was  removed 
with  forceps,  with  due  precaution  to  ensure  that  none  remained  attached  to 
the  optic  nerve.  The  retinae  were  placed  in  2-3  ml  of  4%  alum  solution  in 
glass  vials  and  stored  in  the  dark  at  -20°C. 

Preparation  of  Retinal  Extracts 

The  retinae  were  thawed  and  centrifuged  at  low  speed  for  2-3  min. 

The  supernatant  alum  was  decanted  and  discarded.  The  retinae  were  washed 

twice  with  cold  distilled  water,  each  time  being  stirred  with  a  Vortex 

mixer,  lightly  centrifuged  and  the  supernatant  discarded. 

Freshly  prepared  2%  digitonin8  (0.4  ml)  was  added  to  each  retina  and 
the  preparations  were  cooled  in  an  ice-water  bath.  The  retina  was  broken 
up  with  a  sonic  cell  disrupter,  cleaning  the  probe  after  each  sample. 

The  preparation  was  centrifuged  at  10,000  XG  for  15  min.  in  a  refrigerated 


8Merck  and  Co.,  Inc.,  Rahway,  New  Jersey,  U.S.A. 
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centrifuge  (Servall  RC-2)  at  10°C, 

The  extracts  were  pipetted  into  tubes  containing  0.04  ml  saturated 
sodium  borate  to  adjust  the  pH  to  about  8.6.  Extra  2%  digitonin  was 
buffered  with  l/10th  its  volume  of  sodium  borate  to  serve  later  as  a 
blank.  Extract  and  blank  were  stored  in  darkness  at  -20°C. 

Analysis  of  Retinal  Extracts 

A  frozen  retinal  extract  and  the  corresponding  blank  solution  were 
thawed,  agitated  with  a  Vortex  mixer  and  centrifuged  at  10,000  XG  for 
10  min.  (20°C)  to  precipitate  any  debris.  The  retinal  extract  and  blank 
were  pipetted  into  optically  matched  cuvettes  (1.0  cm  path  length) 
containing  0.05  ml  of  0.2  M  neutralized  hydroxylamine. 

The  initial  density  spectrum  of  the  retinal  extract  was  recorded 
from  700-320  nm  at  the  rate  of  10  nm  per  second  with  a  Cary  Model  14 
spectrophotometer.  The  slidewire  range  selected  was  one  which  gave  a 
suitable  display  of  the  density  spectrum.  The  sample  cuvette  was  trans¬ 
ferred  in  darkness  to  a  specially  constructed  bleaching  chamber,  maintained 
at  20°C,  and  exposed  to  deep  red  light  (A675  nm)  for  1.5  min.  The  light 
from  a  quartz-iodine  lamp  passed  through  an  interference  filter^  (half 
band  width  =  4%  of  X  ) .  The  cuvette  was  returned  to  the  spectrophoto- 
meter  and  the  density  spectrum  recorded  as  before.  In  a  similar  manner, 
the  extract  was  bleached  with  deep  red  light  (X660  nm)  for  4  minutes  and 
orange  light  (A610  nm)  for  8  minutes  and  the  density  spectrum  recorded 
following  each  bleach.  In  routine  analyses,  the  660  nm  bleach  was  some¬ 
times  omitted.  At  the  completion  of  the  bleaching  experiment,  the  pH  of 
the  extract  was  measured  to  insure  that  it  had  remained  near  8.6. 


9Baird-Atomic  Inc.,  Cambridge,  Massachusetts,  U.S.A. 
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The  method  of  analysis  of  bleaching  experiments  originally  developed 
by  Dartnall  et  al.  (1961)  was  employed  to  establish  the  percentage  of 
VP52?2  in  retinal  extracts.  Munz  and  Beatty  (1965)  prepared  a  chart 
based  on  the  pure  difference  spectra  of  VP502i  and  VP5272  added  in  various 
proportions  to  represent  mixtures.  Using  this  chart,  the  percentage  of 
VP5272  can  be  determined  from  the  wavelength  at  50%  of  the  total  differ¬ 
ence  spectrum.  A  comparison  of  the  estimation  of  the  percentage  of  VP5272 
from  the  50%  point  with  calculations  from  the  individual  difference  spectra 
and  the  total  difference  spectra  of  10  fish  (Appendix  II),  showed  that  the 
results  were  not  significantly  different.  Therefore,  the  50%  point  was 
used  for  estimating  the  percentage  of  VP5272  in  a  particular  extract. 

The  proportions  of  the  two  visual  pigments  could  be  estimated  only  in 
terms  of  relative  optical  densities  and  not  in  terms  of  molecular  concen¬ 
trations.  The  molecular  extinction  coefficients  of  trout  visual  pigments 
are  not  known.  Thus,  any  increase  or  decrease  in  the  percentage  of 
VP5272  indicates  a  change  in  the  relative  proportions  of  the  two  visual 
pigments  and  not  a  change  in  terms  of  the  absolute  concentration. 

Vitamin  A  Analysis 

Analysis  for  the  vitamins  A  was  carried  out  using  the  Carr-Price 
(antimony  trichloride)  technique,  as  outlined  by  Freed  (1967).  Samples  of 
fish  food,  walleye  liver,  vitamin  Aj  standard,  and  trout  livers  from  the 
second  diet  experiment  and  the  third  thyroxine  experiment  were  analysed. 

Five  grams  of  liver  or  food  (smaller  amounts  of  pure  vitamin  Aj)  were 
weighed  directly  into  a  saponification  flask.  Fifty  ml  of  ethanol  and 
5  ml  of  saturated  potassium  hydroxide  solution  were  added  and  the  mixture 
was  heated  under  gentle  reflux  for  30  minutes  or  until  saponification  was 
completed.  The  reflux  condenser  was  washed  with  10  ml  of  water.  After 
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cooling,  50  ml  of  water  were  added  and  the  mixture  was  transferred  to  a 
separatory  funnel  for  two  or  three  extractions  with  35-50  ml  anhydrous 
diethyl  ether.  The  combined  ether  extracts  were  washed  with  distilled 
water  until  the  washings  were  free  of  alkali  when  tested  with  phenolphtha- 
lein.  The  ether  extract  was  allowed  to  stand  10  minutes  for  separation 
of  water  and  filtered  through  10  g  anhydrous  sodium  sulphate.  The  ether 
was  evaporated  under  vacuum  in  an  atmosphere  of  nitrogen.  When  the 
residue  was  dry,  it  was  redissolved  in  1-5  ml  spectral  grade  chloroform 
and  immediately  analysed. 

One  drop  of  acetic  anhydride  and  3  ml  antimony  trichloride  (14%  W/V 
in  spectral  grade  chloroform)  were  added  to  sample  and  blank  cuvettes. 

The  spectrophotometer  was  then  balanced  for  0.0  absorbance  at  720  nm 
using  the  blank  and  sample  cuvettes.  Several  drops  of  extract  (see 
Appendix  XI  for  amounts)  were  added  to  the  sample  cuvette,  the  mixture 
quickly  stirred  and  placed  in  the  recording  spectrophotometer.  The 
density  spectrum  was  recorded  at  a  scan  speed  of  150  nm  per  minute  from 
720-550  nm.  The  relative  proportions  of  vitamin  Aj  and  A2  were  calculated 
from  the  density  spectrum  using  the  simultaneous  equations  described  by 
Wald  (1939a)  and  later  modified  by  Wilt  (1959a). 


RESULTS 


Analysis  of  Visual  Pigments 

A  visual  pigment  is  characterized  from  its  density  spectrum  or  dif¬ 
ference  spectrum  (if  there  are  impurities  in  the  extract)  by  determination 
of  the  wavelength  of  maximum  absorbance  Umax)  or  maximum  absorbance 
change  on  bleaching.  However,  in  retinal  extracts  containing  a  pair  of 
visual  pigments,  the  two  pigments  must  be  separated  initially  before  their 
absorbance  peaks  can  be  determined.  With  the  method  of  partial  bleaching 
initiated  by  Dartnall  (1952),  this  separation  becomes  possible.  The 
method  depends  upon  the  differential  sensitivity  of  the  two  members  of  the 
visual  pigment  pair  to  monochromatic  light.  Thus,  it  is  possible  to  pre¬ 
ferentially  bleach  the  more  red-sensitive  pigment  with  deep  red  light 
(X675  nm)  while  leaving  the  less-sensitive  pigment  practically  intact. 

The  density  spectra  from  successive  bleaches  (A675,  660,  610  nm)  show  a 
shift  in  Amax  and  the  resulting  difference  spectra  are  not  aligned  when 
plotted  on  a  percentage  basis,  indicating  a  non-homogeneous  extract 
(Fig.  1). 

Rainbow  trout  retinae  were  analysed  using  the  partial  bleaching 
method  to  corroborate  the  presence  of  the  5021-5272  visual  pigment  pair 
reported  by  Munz  and  Beatty  (1965) .  The  difference  spectra  from  the 
initial  bleach  of  a  retinal  extract  rich  in  VP5272  and  the  final  bleach 
of  an  extract  rich  in  VP502i  have  been  compared  with  the  theoretical  curves 
for  VP502!  and  VP5272  from  the  two  nomograms  (Dartnall,  1953;  Munz  and 

| 

Schwanzara,  1967) .  The  difference  spectra  were  found  to  be  very  closely 
aligned  with  the  nomogram  curves  as  shown  by  Munz  and  Beatty  (Fig.  2,  1965). 
Also  the  Amax  of  the  two  photoproducts  were  found  to  be  368  nm  and  386  nm 
characteristic  of  the  respective  retinenej  and  retinene2  oximes 


15 


Figure  1. 


Difference 
an  extract 


spectra  from  a  partial  bleaching  experiment  with 
from  rainbow  trout  #85  having  59.3 %  VP5272 
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Total  difference  spectrum  (curve  1  minus  curve  4) 
Difference  spectrum  from  initial  bleach  (A675  nm  for  1.5 
minutes,  curve  1  minus  curve  2) 

Difference  spectrum  from  final  bleach  (A610  nm  for  8 
minutes,  curve  3  minus  curve  4) 

the  density  spectra  upon  which  the  difference  spectra  are 
based,  second  bleach  with  X660  nm  light  for  4  minutes. 
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(see  Fig.  4,  Munz  and  Beatty,  1965).  Thus,  it  was  concluded  that  the 
members  of  the  visual  pigment  pair  were  indeed,  502i  and  5272. 

Among  individual  fish  from  the  same  group,  sampled  at  the  same  time, 
there  was  a  great  deal  of  variation  in  the  percentage  of  VP5272  (Table  1) . 
Thus,  results  in  bleaching  experiments  varied  according  to  the  proportions 
of  the  two  pigments:  the  amount  of  pigment  bleached  initially  (with  the 
A675  nm  light)  increased  with  an  increase  in  the  percentage  of  VP5272. 
Spectra  showing  the  proportion  of  pigment  bleached  on  exposure  to  deep  red 
light  (A675  nm)  in  extracts  with  various  VP5272  levels  were  similar  to 
those  presented  by  Beatty  (Fig.  1,  2,  and  3,  1966)  for  the  same  visual 
pigment  pair. 

Control  System 

The  use  of  the  right  eye  of  each  fish  as  a  control  proved  to  be  very 
successful.  Mortality  among  operated  animals  was  very  low  and  probably 
due  to  starvation  (inability  to  catch  food)  or  mechanical  failure  of  the 
water  system  rather  than  to  surgical  trauma.  It  was  possible  to  prepare 
reasonably  good  extracts  from  one  eye,  although  blood  impurities  were 
sometimes  unavoidable.  Separate  analysis  of  the  two  eyes  removed  from  a 
single  fish  (Table  2) ,  showed  that  the  proportions  of  visual  pigments  were 
virtually  the  same  between  eyes.  The  greatest  difference  was  4.6%  and  the 
mean  difference  was  0.9%  less  VP5272  in  the  right  eye  as  compared  to  the 
left.  For  a  single  fish,  the  total  amount  of  visual  pigment  (maximum 
optical  density)  obtained  from  each  eye  was  also  almost  identical,  any 
difference  probably  being  attributable  to  poor  dissection  or  incomplete 
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Table  1.  Variation  in  the  percentage  of  VP52?2  among  individual 


fish  sampled  at 

the  same 

time 

Date 

Number  of  fish  = 

%  VP5272 

number  of  extracts 

Mean 

Range 

1  S.D. 

6/8/67 

13 

35.8 

19.5-48.2 

±  7.7 

28/11/67 

13 

57.1 

45.8-75.0 

oo 

-H 

4/2/68 

20 

48.2 

31.1-65.3 

±  11.9 

10/3/68 

23 

70.5 

49.4-80.6 

±  9.2 

10/4/68 

24 

78.3 

52.2-91.0 

±  8.9 

5/6/68 

8 

70.3 

62.7-82.8 

±  6.2 
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Table  2.  Comparison  of  the  percentage  of  VP527 2  and  the  maximum  optical 
density  in  retinal  extracts  from  right  and  left 
eyes  removed  at  the  same  time 


Left  Eye 

Right  Eye 

Number 

Maximum 

%  VP5272  Optical  Density 

Maximum 

%  VP5272  Optical  Density 

A 

60.6 

0.176 

57.9 

0.186 

B 

65.3 

0.109 

65.3 

0.101 

D 

67.4 

0.106 

65.3 

0.181 

E 

69.4 

0.295 

70.5 

0.398 

F 

68.9 

0.393 

65.3 

0.405 

G 

73.5 

0.285 

76.4 

0.270 

H 

73.5 

0.288 

68.9 

0.263 

I 

81.6 

0.172 

81.6 

0.264 

J 

73.9 

0.260 

76.4 

0.275 

K 

79.4 

0.234 

77.5 

0.100 

Greatest  Difference 

4.6% 

0.134 

O.D.U. 

Mean 

Difference 

-0.9% 

0.016 

O.D.U. 

(right  eye  as  compared 

to  left  eye) 
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Effect  of  Dietary  Supplement  of  Vitamin  A2 

The  results  of  the  initial  experiment  were  complicated  by  the  high 
mortality  rate  among  those  fish  fed  walleye  livers.  However,  the  surviving 
fish  showed  a  significant  increase  in  the  levels  of  VP5272  after  only  9 
weeks  on  the  special  diet  (Fig.  2).  This  increase  was  evident  both  on 
an  individual  basis  (for  example,  trout  #15  changed  from  38.5%  VP5272  to 
97.8%  VP5272  after  13  weeks  on  the  diet)  and  for  the  entire  experimental 
group  (mean  increase  49.7%,  Appendix  III).  The  result  was  a  very  definite 
shift  of  the  ^max  of  the  total  difference  spectrum  towards  longer  wave¬ 
lengths  (Fig.  3) .  In  comparison,  the  control  group  showed  much  lower 
levels  of  VP5272  at  the  termination  of  the  experiment.  For  example,  trout 
#3  initially  having  38.9%  VP5272  increased  to  only  50.8%  VP5272.  The  mean 
increase  for  the  control  group  was  11.7%  (Appendix  III). 

The  same  experiment  was  repeated  the  following  spring  with  much  lower 
mortality.  The  results  are  presented  graphically  in  Fig.  4  and  analysed 
by  the  method  of  Hubbs  and  Perlmutter  (1942).  The  difference  between  the 
two  samples  is  probably  significant  (P*0.05)  if  the  corresponding  dark 
bars  are  only  slightly  separated  or  if  the  overlap  is  not  more  than  33% 
of  the  length  of  the  shorter  dark  bar.  A  separation  between  dark  bars 
that  exceeds  10%  of  the  length  of  the  shorter  one  means  that  the  differ¬ 
ence  between  samples  is  highly  significant  (P^O.Ol).  An  overlap  of  two 
dark  bars  that  exceeds  one-third  of  the  length  of  the  shorter  one  indicates 
that  the  difference  is  probably  not  significant  (P>0.05).  This  analysis 
can  be  applied  to  all  similar  graphs  presented  in  this  thesis. 

In  this  diet  experiment,  the  initial  levels  of  VP5272  in  treated  and 
control  fish  in  each  group  were  not  significantly  different  (Fig.  4).  As 
in  the  original  experiment,  the  percentage  of  VP5272  increased  significantly 
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Figure  2.  Effect  of  dietary  vitamin  A 2  supplement  on  the  visual  pigment 
composition  of  rainbow  trout:  First  diet  experiment. 

Change  in  percentage  of  VP5272  represents  increase  or 
decrease  in  the  left  eye  as  compared  to  the  initial 
percentage  of  VP5272  in  the  right  eye.  For  initial  and 
final  percentage  VP5272  in  each  individual,  see  Appendix 
III. 


O  Experimental  fish  fed  walleye  liver 

M  Control  fish  fed  commercial  pellet  diet 
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Figure  3.  Displacement  of  total  difference  spectrum  from  retinal 

extract  of  trout  #15  after  13  weeks  of  vitamin  A 2  supple¬ 
ment j  compared  to  control  fish  # 3 . 

O  Initial  total  difference  spectrum  of  extracts  from  right 

eyes  of  both  fish  #15  and  #3  (38.7%  VP5272) 

Final  total  difference  spectrum  of  extract  from  left  eye 
of  trout  #15  (97.8%  VP5272) 

Final  total  difference  spectrum  of  extract  from  left  eye 
of  control  fish  #3  (50.8%  VP5272) 
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Figure  4.  Effect  of  dietary  supplement  of  vitamin  A 2  on  the  visual 
pigment  composition  of  rainbow  trout:  Second  diet 
experiment 

The  vertical  line  represents  the  range,  the  white  bar 
gives  one  standard  deviation  from  the  mean,  and  the  black 
bar  gives  two  standard  errors  of  the  mean.  The  cross- 
hatched  bar  represents  a  group  of  fish  taken  from  the  stock 
laboratory  supply  when  the  control  fish  died.  The  numbers 
above  each  group  represent  the  number  of  fish  (n)  and 
extracts  in  each  group.  The  data  at  time  0  represents  the 
right  eye  of  both  groups;  at  4  and  8  weeks  the  left  eye  of 
the  experimental  group;  at  4  weeks  the  left  eye  of  the 
control  group  and  at  8  weeks  both  eyes  of  a  control  group. 


0  4  8  0  4  8 

Weeks  of  Special  Diet  Weeks  of  Normal  Diet 
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(mean  increase  at  4  weeks,  13.1%,  Appendix  IV)  in  the  experimental  group. 
The  controls  showed  a  significant  decrease  in  VP5272  (mean  decrease  at 
4  weeks,  26.8%),  which  was  evident  in  other  fish  of  this  group  kept  in 
the  laboratory  holding  tanks  during  this  time. 

Thus,  it  appears  that  under  conditions  of  supplemental  dietary 
vitamin  A2,  rainbow  trout  can  maintain  a  preponderance  of  VP5272  or  show 
an  increase  in  the  percentage  of  VP5272  when  compared  to  controls  on  a 
diet  not  known  to  contain  vitamin  A2  (Appendix  XI) . 

Effect  of  L-thyroxine  Injection 

In  the  initial  experiment,  L-thyroxine  injection  caused  a  very  def¬ 
inite  increase  in  the  amount  of  VP5272  in  the  retinae  of  the  injected  fish 
(Fig.  5).  For  example,  trout  #26  receiving  150  yg  L-thyroxine,  increased 
from  46.9%  VP5272  to  76.4%  VP5272  in  13  days.  The  mean  increase  in 
percentage  of  VP5272  for  all  experimental  fish  regardless  of  dosage  or 
sampling  time,  was  about  16.0%  (Appendix  V).  The  control  fish  showed 
little  change  or  a  slight  decrease  in  percentage  of  VP5272  during  this 
experiment.  The  resulting  total  difference  spectra  of  the  experimental 
fish  were  shifted  towards  longer  wavelengths  (Fig.  6).  This  increase  in 
VP5272  occurred  fairly  slowly:  it  was  not  well  defined  until  one  week 
after  injection,  due  either  to  the  method  of  injection  or  to  the  slowness 
of  the  chemical  change.  The  degree  of  change  did  not  appear  to  be  propor¬ 
tional  to  the  amount  of  thyroxine  injected. 

In  a  separate  experiment,  an  attempt  was  made  to  determine  the 
relationship,  if  any,  between  the  percentage  of  VP5272  and  the  dosage  of 
intraperitoneal ly  injected  thyroxine  (Fig.  7).  However,  the  results  were 
complicated  by  the  fact  that  VP5272  levels  were  initially  very  high.  The 
effect  of  thyroxine  was  apparent  in  the  maintenance  of  these  levels  of 


24 


Figure  5.  Effect  of  L-thyroxine  injection  on  the  visual  pigment 
composition  of  rainbow  trout. 

Data  is  presented  as  in  Fig.  2.  Fish  were  injected  at 
0,  6  and  10  days.  For  initial  and  final  percentage  of 
VP5272  in  each  individual,  see  Appendix  V. 


Experimental  fish 

O  150  yg  L-thyroxine  injected 
•  100  yg  L-thyroxine  injected 
Q  50  yg  L-thyroxine  injected 


Control  fish 


Change  in  %  VP52Z,  from  initial  %  VP527 
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Figure  6.  Displacement  of  total  difference  spectrum  from  retinal 

extract  of  trout  #50  sacrificed  15  days  after  injection 
of  50  \ig  L-thyroxine,  compared  to  sham-injected  control 
fish  #49 


O  Initial  total  difference  spectrum  of  extracts  from  right 
eyes  of  both  fish  #50  and  #49  (48.0%  VP5272) 

'•  >■  Final  total  difference  spectrum  of  extract  from  left  eye 

of  trout  #50  (72.0%  VP5272) 

'■  Final  total  difference  spectrum  of  extract  from  left  eye 

of  control  trout  #49  (35.6%  VP5272) . 
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Figure  7.  The  relationship  between  the  percentage  of  VP527 2  and 
intraperitoneally  (1,1?*)  injected  L-thyroxine, 

All  fish  were  sacrificed  after  8  days,  Zero  dosage 
represents  sham-injected  controls,  The  data  is  represented 
as  in  Fig,  4,  For  initial  and  final  percentage  of  VP5272 
in  each  individual,  see  Appendix  VI, 


I.R  Dosage  of  L- thyroxine  C*jg.) 
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VP5272  in  the  experimental  fish  because  levels  in  the  controls  were  rapidly 
decreasing.  Concentrations  of  thyroxine  as  low  as  25  yg  effectively  main¬ 
tained  VP5272  levels  within  the  8  day  period,  while  at  10  yg,  VP5272  levels 
decreased , but  not  as  much  as  in  the  controls.  Any  increase  in  percentage 
of  VP5272  found  at  higher  dosage  levels  (above  10  yg)  was  not  apparently 
proportional  to  the  concentration  of  thyroxine  injected.  Trout  having  a 
lower  initial  level  of  VP5272  showed  a  greater  increase  in  percentage 

VP5272  when  identical  amounts  of  hormone  were  injected.  In  Fig.  8,  the 
initial  percentage  of  VP5272  for  all  fish  given  dosages  over  10  yg  is 
plotted  against  the  change  in  percentage  of  VP5272*  It  appears  that  thyrox¬ 
ine  is  only  effective  in  substantially  increasing  the  percentage  of  VP5272 
when  initial  levels  were  below  70%  VP5272  and  even  at  high  dosages,  cannot 
increase  the  percentage  of  VP5272  over  a  certain  (about  90%  VP5272)  level. 

The  increase  in  the  percentage  of  VP5272  was  not  permanent  (Fig.  9). 
Three  weeks  after  injection  of  50  yg  thyroxine,  the  levels  of  VP5272  were 
beginning  to  decrease  and  by  4  weeks  were  very  similar  to  the  control  group. 
The  controls  immediately  underwent  the  apparently  normal  decrease  in  percen¬ 
tage  of  VP5272  that  occurs  on  holding  under  laboratory  conditions. 

The  data  obtained  substantiate  the  results  of  Munz  and  Swanson  (1965) 
which  showed  increased  VP5272  in  rainbow  trout  with  thyroxine  treatment. 
Similarly,  recent  work  by  Beatty  (1969a)  showed  increases  in  VP5272  in 
kokanee  salmon  ( Onohorhynohus  nerka)  following  L-thyroxine  injection. 

These  results  are  contrary  to  findings  of  Wilt  (1959a, b)  in  Rana  oatesbeiana 
and  will  be  commented  upon  later. 

Variation  in  Visual  Pigment  Ratios 

(1)  Seasonal 

There  are  several  reports  in  the  literature  on  the  ability  of  some 
teleosts  possessing  a  visual  pigment  pair  to  change  the  proportions  of  the 
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Figure  8.  Dependence  of  increase  in  percentage  of  VP5272  with 
L-thyroxine  injection  (dosages  over  10  \ig)  on  the 
initial  level  of  VP5272 

The  mean  initial  %  VP5272  is  divided  into  4  groups: 
the  average  value  for  those  extracts  between  50-59, 
60-69,  70-79,  80-89  %  VP5272. 


60  65  70  75  80 

Mean  initial  %  VP5272 


50 


55 


85 


29 


Figure  9.  Duration  of  high  levels  of  VP527 2  after  injection  of 
50  \ig  of  L-  thyroxine 

The  initial  levels  of  the  fish  in  each  group  are  totalled 
at  0  time.  Four  experimentals  were  sacrificed  at  7,  14, 
21  and  28  days  and  the  controls  at  7,  14  and  28  days. 

The  fish  were  injected  immediately  on  arrival  from  the 
rearing  station.  Data  is  represented  as  in  Fig.  4. 
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pigments  seasonally  in  response  to  what  appears  to  be  a  change  in  the 
light  environment  (Dartnall,  et  at.  9  1961;  Bridges,  1965 b;  Beatty,  1966, 
1969b).  Thus,  an  attempt  was  made  to  sample  the  rainbow  trout  held  in 
the  laboratory  on  a  monthly  basis.  In  the  latter  part  of  the  study, 
however,  it  was  discovered  that  keeping  the  fish  in  the  laboratory  for 
even  a  week  caused  a  significant  decrease  in  their  VP5272  levels.  This 
necessitated  the  division  of  monthly  samples  into  "rearing  station"  fish 
(sacrificed  within  3  days  from  arrival)  and  "laboratory"  fish  (held  in 
the  laboratory  at  least  a  month) .  The  original  sampling  method  showed 
relatively  lower  levels  of  VP5272  during  the  winter  months  and  an  increase 
in  the  summer  (data  not  shown) ,  the  opposite  of  any  reports  in  the  liter¬ 
ature.  However,  when  sampled  immediately,  rearing  station  fish  had  very 
high  VP5272  levels  at  all  times  with,  perhaps,  a  slight  decrease  in  the 
summer  months  (Fig.  10).  Unfortunately,  the  original  group  of  fish  were 
removed  from  the  rearing  station  and  no  late  summer  samples  could  be 
obtained.  Fingerlings  (Aug.  -  Dec.  1968)  also  showed  similar  high  levels 
of  VP5272  and  are  still  being  sampled.  Fish  brought  into  the  laboratory 
showed  an  initial  decrease  in  VP5272  levels.  Fish  held  in  the  laboratory 
maintained  fairly  constant  levels  of  VP5272  (mean  40-50%)  throughout  the 
project  period. 

(2)  Changes  in  Light  Environment 

Rainbow  trout  also  displayed  some  ability  to  change  their  visual 
pigments  with  alteration  of  the  light  environment  in  the  laboratory. 
Samples  of  fish  held  in  the  laboratory  for  4  weeks  under  fluorescent  light 
between  the  hours  of  8  AM  and  5  PM  plus  natural  light  through  the  windows, 
showed  a  significant  decrease  in  levels  of  VP5272  (Fig.  11).  Fish  held 
under  reduced  light  intensity  for  an  additional  4  weeks  did  not  show  any 
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Figure  10.  Monthly  analysis  of  visual  pigments  in  laboratory  and 
rearing  station  fish. 

All  laboratory  fish  from  Aug.  1967  -  Aug.  1968  and 
rearing  station  fish  from  April  and  June  were  from  the 
original  sample  stock  and  rearing  station  fish  from 
Aug.  -  Dec.  1968  were  from  the  next  year's  sample  stock. 
The  arrows  with  numbers  to  the  left,  indicate  the  number 
of  months  the  fish  obtained  in  June  and  Aug.  1968  from 
the  rearing  station  have  been  held  in  the  laboratory 
before  analysing.  The  data  is  represented  as  in  Fig.  4. 
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Figure  11. 


Group  I 
Group  II 

Group  III 

Group  IV 


Effect  of  changes  in  laboratory  light  environment  on  visual 
■pigment  composition 

Data  is  represented  as  in  Fig.  4. 

Rearing  Station,  June  3,  1968. 

Laboratory,  July  4,  1968  -  4  weeks  normal  laboratory  light 
intensity. 

Laboratory,  August  1,  1968  -  4  weeks  normal  laboratory  light, 
4  weeks  reduced  light  intensity. 

Laboratory,  August  1,  1968  -  4  weeks  normal  laboratory  light, 
2  weeks  reduced  light  intensity,  2  weeks  normal  light. 
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further  decrease  in  VP5272  but  rather  their  levels  remained  stationary. 

If  returned  to  laboratory  light  conditions,  these  fish  responded  with  a 
decrease  in  the  percentage  of  VP5272.  Only  one  reduced  light  experiment 
was  attempted  as  it  was  impossible  to  maintain  conditions  of  total  darkness 
in  the  laboratory.  Further  experiments  are  necessary  to  provide  more 
convincing  evidence  for  the  effect  of  light  intensity  in  promoting  visual 
pigment  changes. 

Carr-Price  (antimony  trichloride)  Tests 

Saponified  walleye  livers  analysed  with  the  Carr-Price  colorimetric 
technique,  produced  density  spectra  characteristic  of  vitamin  A2  with  a 
peak  at  690  nm  (Fig.  12j.  Analysis  using  simultaneous  equations  (Wald, 
1939a,  modified  by  Wilt,  1959a),  showed  values  of  83.3-94.9%  vitamin  A2 
(Appendix  XI) .  The  form  in  which  the  vitamin  A2  is  stored  in  the  liver 
is  unknown,  although  spectra  of  unsaponified  liver  showed  peaks  which  are 
probably  vitamin  A2  esters  as  well  as  vitamins  A2  and  Ai .  A  vitamin  Aj 
standard  tested  similarly,  showed  a  peak  at  about  617  nm. 

In  comparison,  extracts  from  a  sample  of  the  commercial  pellet  food 
had  extremely  low  levels  of  vitamin  A]_  (Appendix  XI) .  The  density  spectra 
showed  peaks  for  what  could  possibly  be  vitamin  Aj  and  other  carotenoids. 

It  is  known  that  the  food  is  supplemented  with  vitamin  A]_  by  the  manufac¬ 
turer. 

Analysis  of  livers  from  trout  given  a  walleye  liver  diet  showed  about 
57.6%  vitamin  A2  with  the  extract  showing  peaks  for  both  vitamin  Ai  and 
vitamin  A2.  The  extract  from  the  control  group  was  of  very  poor  quality 
and  no  conclusions  can  be  drawn. 

Analysis  of  livers  from  thyroxine-injected  fish  showed  no  significant 
difference  in  vitamin  A2  levels  compared  to  sham-injected  controls  (57.7% 
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Figure  12. 


Density  spectra  from  Carr-Price  tests  for  the  vitamins  A. 
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as  compared  to  52.5%  vitamin  A2) .  In  comparison,  VP5272  levels  in  the 
injected  fish  averaged  20%  higher  than  in  the  controls. 

Optical  Density  Changes 

In  all  experiments  it  was  possible  to  determine  only  the  relative 
proportions  of  the  two  visual  pigments.  However,  assuming  that  the 
dissections  were  fairly  uniform,  a  comparison  of  the  total  optical  density 
of  the  extracts,  before  and  after  an  experiment,  should  give  some  idea 
whether  the  total  amount  of  pigment  is  actually  increasing  or  decreasing 
or  whether  the  quantitative  changes  have  resulted  from  biochemical  con¬ 
versions  in  the  existing  amounts  of  the  two  pigments. 

Retinal  extracts  of  the  left  eye  from  fish  in  the  initial  diet 
experiment  showed  a  significant  increase  in  the  optical  density  in  both 
experimentals  and  controls  (Fig.  13).  This  increase  was  probably  due  to 
increasing  skill  in  dissection  plus  growth  of  the  animals  in  the  12  week 
period.  In  the  second  experiment,  neither  control  nor  experimental 
animals  showed  significant  changes  in  optical  density  after  4  weeks, 
indicating  a  gradual  turnover  and  replacement  of  the  retinenei  prosthetic 
group  of  VP502 1  by  retinene2  thereby  increasing  the  relative  proportion  of 
VP5272 . 

The  average  optical  density  of  extracts  from  thyroxine- injected 
trout  showed  no  significant  differences  between  initial  and  final  extracts 
(Fig.  13).  This  suggests  a  biochemical  conversion  of  the  visual  pigments 

I 

present  at  the  time  of  injection. 


Figure  13.  Comparison  of  change  in  maximum  optical  density  of  all 
extracts  from  right  and  left  eyes  in  the  experiments. 


Data  is  represented  as  in  Fig.  4  except  that  the 
smaller  bars  for  2  standard  errors  of  the  mean  are 
light  for  right  eyes  and  dark  for  left  eyes. 

C  Control  group 
E  Experimental  group 


Maximum  Optical  Density 


First  Diet  Experiment  Second  Diet  Experiment  Total  Thyroxine  Experiments 


DISCUSSION 


This  study  has  supplied  some  information  regarding  changes  in  the 
visual  pigment  ratios  of  a  "paired-pigment”  teleost.  The  problem  of  wide 
individual  variation  was  partially  eliminated  by  the  removal  of  one  eye 
prior  to  any  treatment,  as  analysis  showed  similar  visual  pigment  composi¬ 
tion  in  both  eyes  at  one  time.  Thus,  it  was  possible  to  study  any 
changes  in  the  individual  fish. 

Seasonal  variation  in  rainbow  trout  is  still  questionable,  as  in  this 
study  it  was  not  always  possible  to  sample  fish  immediately  upon  arrival 
from  the  rearing  station.  In  preliminary  experiments,  it  appeared  that 
even  a  few  days  in  the  laboratory  could  result  in  significantly  changed 
VP5272  levels.  More  recent  samples  from  the  rearing  station  (Aug. -Dec. 
1968)  showed  very  high  levels  of  VP5272  in  fingerlings  and  a  slight 
increase  from  fall  to  the  winter  months  (Fig.  10).  It  seems  probable 
that  levels  of  VP5272  in  rainbow  trout  from  the  rearing  station  are  very 
high  throughout  the  year  (70-80%)  and  that  any  seasonal  variation  may  be 
extremely  slight. 

This  study  has  shown  that  spectral  positioning  of  the  absorbance 
curve  toward  longer  wavelengths,  produced  either  by  increase  in  VP5272  or 
a  maintained  high  level  of  VP5272,  can  be  induced  in  two  ways:  1)  by 
increased  dietary  intake  of  vitamin  A2  (Fig.  2,  3  and  4)  and  2)  by  intra- 
peritoneal  injection  of  L-thyroxme  (Fig.  5,  6,  7  and  9). 

The  biochemical  basis  for  the  control  of  these  changes  is  not  known 
although  several  possibilities  can  be  advanced: 

Mechanism  of  Increasing  Retinal  VP5272  by  the  Addition  of  Vitamin  A2 
to  the  Diet 

At  any  particular  time,  the  visual  pigment  composition  of  the  rainbow 
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trout,  (S.  gairdneri) 3  appears  to  be  determined  by  the  environment  (light, 
temperature,  nutrition)  in  which  the  fish  is  maintained.  However,  as 
shown  in  this  study,  the  relative  percentage  of  the  two  pigments  can  be 
altered  by  furnishing  a  diet  rich  in  vitamin  A2. 

Vitamin  A2  in  the  retina  is  gradually  being  turned  over  in  the  visual 
process  (Bridges,  1965<i;  Bridges  and  Yoshikami,  1968)  and  must  be  replaced 
from  vitamins  carried  in  the  bloodstream.  If  the  blood  can  transport  a 
large  excess  of  vitamin  A2,  as  Shantz  et  al .  (1946)  reported  in  the  rat, 
and  the  eye  randomly  selects  from  the  vitamins  A  in  the  blood,  over  a 
period  of  time,  vitamin  A2  may  eventually  form  the  basis  of  the  dominant 
visual  pigment. 

This  conclusion  is  reinforced  by  both  experiments  using  a  diet 
supplemented  with  vitamin  A2.  In  the  first  experiment,  the  control  fish 
showed  a  very  gradual  increase  in  VP5272.  The  experimental  fish  showed  a 
much  more  rapid  increase  in  the  percentage  of  VP5272;  the  normal  conversion 
mechanism  (vitamin  k\  to  A2) ,  being  augmented  by  excess  preformed  vitamin 
A2  in  the  blood.  In  the  second  experiment,  this  effect  is  much  more  obvious. 
The  control  fish  showed  a  large  and  rapid  decrease  in  the  percentage  of 
VP5272  whereas  the  experimentals  showed  a  slight  increase  in  the  percentage 
of  VP5272.  Unfortunately,  the  results  of  vitamin  A  tests  on  the  livers 
were  inconclusive  and  cannot  add  support  to  this  hypothesis. 

Although  it  is  apparent  that  visual  pigment  composition  in  the  rainbow 
trout  can  be  influenced  by  dietary  changes,  the  significance  of  diet  as  a 
source  of  variation  under  natural  conditions  is  not  known.  Certainly  visual 
pigment  changes  can  and  do  occur  when  the  diet  is  stable  and  as  most  food 
sources  have  not  been  analyzed  for  vitamin  A2  or  direct  carotenoid  precursors 
of  this  vitamin,  no  definite  conclusions  can  be  drawn. 
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The  Influence  of  Thyroid  Hormones  on  Visual  Pigment  Conversions 

The  influence  of  the  thyroid  hormone  in  visual  pigment  changes  is 
much  more  complex,  as  neither  the  site  (i.e.  liver  or  eye)  nor  the 
mechanism  of  the  carotenoid  conversion  is  known. 

Studies  by  Wilt  (1959b)  and  Ohtsu  et  al.  (1964)  showed  the  influence 
of  thyroxine  on  visual  pigment  changes  during  bullfrog  metamorphosis. 

They  concluded  that  thyroxine  acts  specifically  to  prevent  synthesis  of 
vitamin  A2  from  vitamin  A]_  in  the  eye,  by  inactivating  the  enzyme  system 
involved.  This  was  later  confirmed  by  Naito  and  Wilt  (1962)  "in  vitro " 
using  eyes  of  the  sunfish  Lepomis }  which  they  believe  have  a  visual 
pigment  based  solely  on  retinene2«  Injection  of  triiodothyronine  decreased 
the  amount  of  retinene2  formed  from  tritiated  vitamin  A]_ . 

The  main  problem  is  the  applicability  of  these  results  to  those  found 
in  the  rainbow  trout.  It  appears  that  there  may  be  a  great  deal  of  differ¬ 
ence  between  the  Lepomis  system  primed  solely  for  the  formation  of  one 
visual  pigment;  the  metamorphosing  tadpole  system  producing  changes  from 
a  predominantly  retinene2-based  visual  pigment  to  solely  retinenei -based 
visual  pigment  and  that  of  the  rainbow  trout  which  is  capable  of  seasonal 
variation  in  the  two  visual  pigments.  A  common  hormonal  element  may  have 
been  adapted  to  control  these  changes  even  though  the  nature  of  the  change 
is  not  the  same  in  all  species  and  in  fact  occurs  in  opposite  directions. 

The  Site  of  Influence  of  the  Thyroid  Hormone 

Considerable  evidence  has  been  accumulated  proposing  the  retina  as 
the  main  site  of  visual  pigment  conversions.  Beatty  (1965)  in  studies 
of  Onohorhynohus  showed  that  large  increases  in  VP5272  were  correlated 
with  smaller  increases  in  liver  vitamin  A2.  However,  at  times,  liver 
levels  were  extremely  low  and  it  seemed  unlikely  that  the  eye  could  be 
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capable  of  preferentially  selecting  the  smaller  amounts  of  vitamin  A2  in 
the  blood  to  cause  the  predominance  of  VP5272.  In  these  cases,  it  would 
appear  that  the  main  site  of  conversion  was  within  the  eye.  Similarly, 
a  recent  report  by  Bridges  and  Yoshikami  (1968)  showed  in  the  rudd  that  a 
covered  eye  had  significantly  higher  levels  of  VP5352  and  of  vitamin  A2 
in  the  pigment  epithelium  as  compared  to  the  contralateral  exposed  eye, 
while  liver  levels  of  vitamin  A2  remained  constant.  Furthermore,  Wilt 
(1959b)  demonstrated  a  more  rapid  influence  of  thyroxine  on  photopigment 
conversion  in  bullfrogs  when  it  was  injected  directly  into  the  eye  rather 
than  intraperitoneally .  Naito  and  Wilt  (1962)  also  showed  visual  pigment 
conversions  in  Lepomis  eyes  in  organ  culture  but  found  no  evidence  for 
similar  conversion  in  the  liver  of  the  vitamins  A. 

Analysis  of  livers  of  rainbow  trout  after  thyroxine  injection  showed 
no  significant  difference  in  vitamin  A2,  although  the  percentage  of  VP52?2 
was  significantly  higher  than  in  the  controls.  Apparently,  thyroxine  has 
acted  much  more  definitively  on  the  eye  than  on  the  liver.  Unfortunately, 
it  was  not  possible  to  analyse  individual  livers  as  vitamin  yield  was  too 
low  and  livers  had  to  be  pooled  for  the  entire  experimental  period. 

Mechanism  of  Action  of  Thyroxine 

Little  information  is  available  concerning  the  thyroxine-induced 
biochemical  changes  which  result  in  visual  pigment  conversions.  As  found 
in  other  studies  (Bridges,  1964<f;  Beatty,  1966;  Wilt,  1959b),  the  total 
optical  density  did  not  change  appreciably,  indicating  a  conversion 
between  the  two  visual  pigments  rather  than  an  absolute  increase  or  decrease 
of  a  specific  visual  pigment.  Thyroxine  may  cause  a  change  in  protein 
specificities,  i.e,,  the  affinity  of  opsin  for  one  of  the  prosthetic  groups 
(retinenes) ,  the  specificity  of  the  isomerase  enzyme  involved  in  the 
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formation  of  the  optically  active  11-cis  isomer  from  the  all-trans 
retinenes  or  the  dehydrogenase  enzyme  causing  the  reduction  of  the 
retinenes  to  the  vitamins  A.  However,  Wilt  (1959a) ,  has  provided  evidence 
that  these  proteins  are  not  specific  for  one  of  the  prosthetic  groups  nor 
is  it  likely  that  thyroid  hormones  confer  specificity. 

Wilt  (19592>),  Naito  and  Wilt  (1962)  and  Ohtsu  et  dl.  (1964),  have 
proposed  that  thyroxine  affected  the  enzyme  system  responsible  for 
vitamin  A2  formation,  i.e.,  it  decreased  the  formation  of  vitamin  A2  from 
vitamin  Aj .  Similarly,  in  the  rainbow  trout,  the  possibility  exists  that 
thyroxine  affects  the  formation  of  retinene2  from  retinenei  or  of  vitamin 
A2  from  vitamin  k\  but  in  the  reverse  manner.  Although  attractive, 
little  evidence  has  so  far  been  amassed  in  support  of  this  theory.  Other 
possibilities  include  modification  of  the  permeability  of  the  visual  cells 
or  increase  in  mobilization  of  a  specific  isomeric  form  of  the  vitamin 
caused  by  L-thyroxine. 

Mechanism  of  Influence  of  Light  on  Visual  Pigment  Conversions  --  Central 
or  Peripheral 

Many  studies  (Dartnall  et  al. ,  1961;  Bridges,  1965b;  Beatty,  1966) 
have  proposed  that  seasonal  variation  in  visual  pigment  composition  is 
dependent  on  photoperiod  and/or  light  intensity  and  quality.  Rainbow 
trout  also  appear  to  respond  to  an  altered  light  environment  although 
seasonal  variation  is  questionable. 

It  is  attractive  to  propose  a  general  mechanism  of  photopigment 
conversion  in  which  decreases  in  light  intensity  and/or  temperature  cause 
increased  thyroid  activity  and  increases  in  VP5272  and  vice  versa.  Studies 
by  Eales  (1965)  specifically  on  rainbow  trout  showed  thyroid  activity 
increases  in  both  two  year  old  and  yearling  trout  in  the  spring  in  response 
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to  rising  temperature  and  lengthening  photoperiod.  Similarly,  Drury  and 
Eales  (1968)  concluded  in  Eastern  brook  trout  that  thyroid  activity  is 
accelerated  at  higher  temperatures.  On  this  basis,  the  proposed  hypothesis 
might  be  rejected.  However,  measurements  of  thyroid  activity  in  fish  are 
complicated  by  variation  of  results  depending  on  the  index  used:  histo¬ 
logical  as  compared  to  radioiodide  methods.  At  the  present  time,  there 
appears  to  be  as  much  evidence  for  decreased  thyroid  activity  in  response 
to  increased  temperature.  Until  a  better  index  of  thyroid  activity  has 
been  tried  and  proven,  such  proposals  cannot  be  withdrawn. 

Beatty  (1969a)  has  shown  that  kokanee  salmon  which  normally  have  very 
low  levels  of  VP5272  and  show  no  seasonal  variation  will  respond  similarly 
to  thyroxine.  In  contrast,  burbot  (Lota  lota)  (Beatty,  1969 b)  which  do 
show  seasonal  variation,  have  thus  far  shown  no  response  to  thyroxine. 

One  must  realize  that  thyroxine  dosages  were  at  all  times  non-physiological , 
and  it  may  be  possible  that  while  thyroxine  maintains  a  "so-called"  normal 
level,  seasonal  variation  may  be  caused  by  the  action  of  light  on  the 
retina.  Findings  by  Bridges  and  Yoshikami  (1968)  in  the  rudd,  in  which 
covered  eyes  increased  in  VP5352  compared  to  the  uncovered  contralateral 
eyes  would  support  this  hypothesis. 

The  findings  of  this  study  have  only  served  to  increase  the  complexity 
of  the  problem.  Further  research  is  many  areas  including:  a  more  defin¬ 
itive  study  of  seasonal  variation  in  both  the  visual  pigments  and  liver 
vitamins  A;  the  effects  of  other  hormones;  the  effects  of  inactivation  of 
the  thyroid  using  radioiodine;  attempts  to  follow  changes  of  thyroid 
activity  in  relation  to  seasonal  changes  in  visual  pigments;  and  finally 
"in  vitro"  study  of  eyes  to  determine  the  mechanism  of  conversion  --  could 
be  of  great  value  in  solving  the  problem  of  visual  pigment  changes. 
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APPENDIX  I 


Mean  monthly  water  temperatures  at  Raven  Rearing  Station 


Month 

Mean  Temp.  (°C.) 

Month  Mean 

Temp.  (°C.) 

Aug.  1967 

15.5 

Feb.  1968 

4.0 

Sept.  1967 

12.0 

Mar.  1968 

4.0 

Oct.  1967 

5.0 

Apr.  1968 

4.0 

Nov.  1967 

4.0 

May  1 968 

4.0 

Dec.  1967 

4.0 

June  1968 

9.0 

Jan.  1968 

4.0 

July  1968 

9.0 

APPENDIX  II 

Aoouraoy  of  determining  the  percentage  of  VP 6 27 2  from 

the 

wavelength  at  50%  of  the  total  absorbance  change 

Fish  Tag 
Number 

%  VP5272  based  on 
individual  dif¬ 
ference  spectra 

%  VP5272  based  % 

on  total  dif¬ 
ference  spectra 

VP5272  based 
on  50%  point 

88 

85.1 

87.2 

88.0 

92 

83.1 

83.3 

-81 .0 

96 

77.8 

75.6 

76.4 

87 

70.0 

69.7 

69.0 

29 

64.2 

62.7 

63.5 

46 

54.6 

55.1 

54.9 

84 

50.0 

49.0 

49.5 

156 

41.7 

39.7 

40.9 

159 

32.0 

34.3 

35.0 

9 

25.3 

24.7 

25.0 

Difference 

compared  to  5  0%  point 

de termination : 

Range 

Mean 

3.0  to  -2.1 
-0.06 

1.2  to  -2.3 

0.19 

m '  nt.  f.*N  iIJnoM 


Tdex 

0.* 

xigk3<i<ia 


. 

samrWoada  ^ai-oS  r  ■$»  vi  ^dS&us&s  arii 


bs^sd  Svsaqv  # 

no  bsajsd  jVSaW  * 

-lib  ifiiol  no 

ladniuH 

BTJooqa  aon9i9l 

Biiooqa  aondiei 

0.<2& 


0  .  <  i 


fc8 

dax 

eai 

ol  S.X 
ex.o 


.  -  oj  o.r. 

dO.O- 
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APPENDIX  III 

Dietary  Vitamin  A 2- Supplement  —  First  Experiment 


Experimentals  Controls 


Fish 

Tag 

Number 

Initial  % 

VP5272 

Final  % 

VP5272 

Time  Fish 

(Weeks)  Tag 

Number 

Initial  % 
VP5272 

Final  % 

VP5272 

Time 

(Weeks) 

28 

42.5 

72.0 

5 

9C 

41.0 

26.1 

8 

32 

43.6 

89.3 

6 

6C 

38.7 

50.8 

10 

29 

24.7 

85.8 

7 

5C 

48.2 

38.5 

12 

30 

43.5 

89.0 

9 

12C 

31.0 

52.2 

12 

32 

46.9 

96.0 

9 

14C 

19.5 

64.0 

12 

18 

43.5 

93.0 

10 

17C 

46.3 

62.7 

12 

27 

41.0 

96.5 

10 

3C 

38.7 

50.8 

13 

7 

47.7 

96.5 

12 

7C 

37.5 

35.4 

13 

16 

16.0 

67.4 

12 

11C 

36.0 

36.3 

13 

12 

61.5 

96.8 

13 

13C 

31 .0 

65.3 

13 

15 

38.7 

97.8 

13 

18C 

32.0 

23.4 

13 

23 

32.9 

99.0 

13 

19C 

40.5 

50.8 

13 

20C 

25.0 

61.6 

13 

Mean  increase 

49.7% 

Mean  increase 

11.7% 

— - 


isnPf-J  i  -T'  ;r~anr 


o.u 

2 

O.ST 

2.G8 

S  ,8f> 

V 

8.28 
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DSI 

e 

DM 

6 

G.d* 

01 

81 

or 

o.u 

DT 

DC! 

di 

2. 2d 

n 

a.de 

2. Id 

SI 

n 

IL 

2 .  Ofc 

n 

O.GG 

Q.SE 

ES 

92fi9T0ni  fI£9M 
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APPENDIX  IV 

Dietary  Vitamin  A2  Supplement  —  Second  Experiment 


Experimentals 

Controls 

Fish 

Tag 

Number 

Initial  % 

VP5272 

Final  % 
VP  5  2  7  2 

Time 

(weeks) 

Fish 

Tag 

Number 

Initial  % 
VP5272 

Final  % 

VP5272 

Time 

(weeks) 

Group  1 

176 

82.8 

86.5 

4 

172 

73.5 

37.9 

4 

178 

70.5 

82.8 

4 

186 

80.6 

54.9 

4 

191 

65.3 

80.6 

4 

188 

78.3 

41.7 

4 

193 

67.4 

88.0 

4 

189 

75.0 

52.2 

4 

195 

67.4 

86.5 

4 

198 

67.4 

50.8 

4 

196 

77.4 

89.5 

4 

199 

75.0 

58.0 

4 

202 

69.0 

78.3 

4 

200 

73.5 

40.0 

4 

205 

62.7 

75.0 

4 

Mean 

70.3 

83.4 

Mean 

74.7 

47.9 

Grouo  2 

180 

76.4 

89.5 

8 

34  C 

48.0 

8 

181 

80.6 

93.0 

8 

35C 

35.4 

8 

190 

72.0 

93.0 

8 

36C 

22.1 

8 

192 

75.0 

85.0 

8 

37C 

23.4 

8 

194 

79.4 

98.5 

8 

38C 

43.6 

8 

197 

54.9 

88.0 

8 

39C 

32.8 

8 

201 

61.6 

93.0 

8 

204 

66.5 

89.5 

8 

Mean 

70.8 

91.2 

Mean 

34.2 

. 
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APPENDIX  V 

Effect  of  L-thyroxine  Injection  on  Visual 


Pigment  Composition  —  First  Experiment 


Fish  Tag 
Number 

Initial  % 
VP5272 

Exneri mentals 

Final  % 
VP5272 

Dos  age  of 
Thyroxine  (yg) 

Time 

(days) 

25 

50.8 

73.5 

150 

4 

29 

54.9 

62.5 

100 

4 

31 

75.0 

65.3 

50 

4 

27 

58.0 

75.0 

150 

7 

33 

52.2 

67.4 

100 

7 

36 

45.8 

66 . 3 

50 

7 

30 

70.5 

81.6 

150 

10 

28 

58.0 

74.9 

100 

10 

34 

62.7 

79.4 

50 

10 

26 

46.9 

76.4 

150 

13 

32 

61.7 

80.6 

100 

13 

35 

58.0 

77.4 

100 

13 

50 

48.0 

72.0 

50 

13 

Mean 

57.3 

73.3 

Controls 

Fish  Tag 

Initial  % 

Final  % 

Dosage  of 

Time 

Number 

VP5272 

VP5272 

solvent  (ml) 

(days) 

48 

50.8 

60.6 

0.15 

4 

46 

62.7 

54.9 

0.10 

4 

41 

31.1 

43.6 

0.05 

4 

40 

38.5 

-- 

0.15 

7 

39 

65.3 

54.9 

0.10 

7 

44 

41.7 

42.7 

0.05 

7 

47 

55.9 

56.3 

0.15 

10 

42 

67.4 

64.0 

0.10 

10 

45 

61.6 

61.6 

0.05 

10 

38 

59.3 

-- 

0. 15 

13 

43 

45.8 

45.8 

0.10 

13 

49 

48.0 

35.9 

0.  10 

13 

47 

66 . 0 

65 . 3 

0.05 

13 

Mean 

54.2 

53.2 
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d£ 

8S 

dS 

i«d  uH 

8.02 

8* 

n 

o * 

Z.  2d 

d.  Id 


** 

T* 

Z* 

ngqM 


88 

89 

90 

94 

87 

91 

95 

84 

85 

86 

93 

96 

99 

101 

103 

97 

102 

106 

107 

98 

100 

104 

105 


52 


APPENDIX  VI 

Effect  of  L-thyroxine  Injection  on  Visual 
Pigment  Composition  —  Second  Experiment 


Initial  % 

VP5272 

Final  % 

VP5272 

Dosage  of  . 
thyroxine  (yg) 

79.4 

88.0 

200 

80.6 

76.4 

200 

80.6 

79.4 

200 

64.0 

67.4 

200 

68.9 

79.8 

100 

68.4 

77.4 

100 

70.5 

78.3 

100 

49.5 

66.4 

50 

59.3 

71.5 

50 

52.2 

75.0 

50 

80.6 

87.5 

50 

76.4 

76.4 

25 

74.5 

78.3 

25 

58.0 

65.3 

25 

75.0 

70.5 

25 

80.6 

73.5 

10 

79.5 

65  .3 

10 

60.6 

58.0 

10 

76.4 

65.3 

10 

71.5 

43.6 

1  ml  solvent 

68.9 

53.6 

1  ml  solvent 

68.9 

50.8 

1  ml  solvent 

77.4 

50.8 

1  ml  solvent 

fe  mar  —  r  >V  . 


02 


£.dd 


&.dV 

2.0V 


l  0.82 

0.82 

2. 2d 


8.02 
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APPENDIX  VII 

Effect  of  L-thyroxine  Injection  on  Visual 
Figment  Composition  —  Third  Experiment 


Experimental  Controls 


Fish 

Tag 

Number 

Initial  % 
VP5272 

Final  % 
VP5272 

Time 

(weeks) 

Fish 

Tag 

Number 

Initial  % 

VP5272 

Final  % 

VP5272 

Time 

(weeks) 

130 

67.4 

82.8 

1 

98 

71.5 

43.6 

1 

138 

73.5 

79.4 

1 

100 

68.9 

53.6 

1 

140 

52.2 

75.0 

1 

104 

68.9 

50.6 

1 

143 

68.9 

80.6 

] 

105 

77.4 

50.8 

1 

133 

79.4 

67.4 

2 

164 

68.9 

45.8 

2 

141 

78.3 

78.3 

2 

165 

73.5 

45.8 

2 

142 

73.5 

82.8 

2 

112 

86.5 

60.6 

2 

152 

75.0 

85.0 

2 

118 

76.4 

48.0 

2 

132 

85.0 

67.4 

3 

134 

70.5 

62.7 

3 

135 

80.6 

70.5 

3 

139 

61.6 

48.0 

3 

128 

82.8 

49.4 

4 

172 

73.5 

37.9 

4 

131 

80.6 

50.8 

4 

186 

80.6 

54.9 

4 

137 

78.3 

48.0 

4 

188 

78.3 

41.7 

4 

136 

79.4 

41.7 

4 

189 

75.0 

52.2 

4 

-  <<  '  r  ■  1  —  r  >3  Hoc  -  )  wa  § 
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APPENDIX  VIII 

Dependence  of  Increase  in  %  VP527 2  with  L-thyroxine 
Injection  on  the  Initial  Level  of  VP52?2 

Initial  %  VP5272  Change  of  %  VP5272 

Class  Frequency  Mean   Mean_ Range 


49.1  -  59.0 

4 

54.7 

+ 

14.8 

+  7.3 

to 

■f 

22.8 

59.1  -  69.0 

3 

67.1 

+ 

7.8 

+  3.4 

to 

+ 

10.9 

69.1  -  79.0 

4 

74.1 

1 

+ 

2.0 

-  4.5 

to 

+ 

9.0 

79.1  -  89.0 

4 

80.3 

#> 

2.8 

-  4.2 

to 

+ 

9.6 

v  t  U  is  ini 

— 


0  ! 
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APPENDIX  IX 

Monthly  Variation  in  Visual  Pigment  Composition 

%  VP5272 


Month 

Numb 

er  of 

fi  sh 

(n) 

Mean 

Range 

Aug. 

Laboratory 

25 

40.3 

16.0  -  61.5 

Oct . 

8 

45.3 

23.4  -  64.0 

Nov. 

34 

51.2 

23.4  -  75.0 

Dec. 

12 

52.1 

35.9  -  65.3 

Jan. 

8 

47.1 

32.8  -  66.0 

Feb  . 

20 

48.2 

26.1  -  65.3 

Apr. 

7 

44.1 

38.5  -  50.8 

May 

15 

43.5 

29.8  -  62.7 

July 

7 

47.9 

37.9  -  60.6 

Aug. 

6 

34.2 

22.1  -  48.0 

Sept . 

8 

58.2 

45.8  -  73.5 

Oct. 

10 

51.3 

34.5  -  62.7 

Nov. 

12 

49.2 

24.7  -  62.7 

Dec . 

12 

51.5 

28.5  -  76.4 

Rearing  Station 

76.4  -  91.0 

Apr. 

8 

85.0 

June 

7 

74.7 

67.4  -  80.6 

Aug. 

8 

74.9 

65.3  -  80.6 

Sept. 

8 

81.3 

63.9  -  91.0 

Oct. 

10 

88.2 

67.4  -  97.0 

Nov. 

12 

83.6 

75.0  -  91.0 

Dec . 

12 

82.1 

67.4  -  92.5 

C  JJ  iI.VLM.iSL 
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APPENDIX  X 

Effect  of  Changes  in  Light  Environment 


Number 

Fish 

of 

(n) 

Mean 

>  VP5272 

Range 

Condition 

Time 

7 

74.7 

67.4  -  80.6 

Hatchery 

3/6/68 

7 

47.9 

37.9  -  58.0 

Lab  -  N.L. 

3/6/68 

to 

4/7/68 

8 

49.5 

32.8  -  64.0 

Lab  -  Pt .Dk. 

4/7/68 

to 

1/8/68 

6 

34.2 

22.1  -  48.0 

Lab  -  P  t .  Dk  . 

4/7/68 

to 

18/7/68 

Lab  -  N.L. 

to 

1/8/68 

Lab 

• 

laboratory  light  environment 

N.L. 

= 

normal  laboratory  light  intensity 

Pt .  Dk . 

“ 

reduced  light  in  laboratory 

.. 


— 


dfiJ 

yJienaJrri  Jr/  [  y  oJBiod  I  Iamron  » 
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APPENDIX  XI 


Carr-Prioe 

(antimony 

trichloride)  Tests 

for  the  Vitamins  A 

Samp  le 

Weight 

(g) 

Volume  of 
Solvent 

Amt .  Extract 

Added 

%  Vitamin 
A2  - 

Walleye 

liver 

5.03 

3  ml 

18  X 

93.6 

Walleye 

liver 

5.00 

3  ml 

25  X 

94.2 

Walleye 

liver 

5.00 

3  ml 

30  X 

94.0 

Walleye 

liver 

5.00 

2  ml 

20  X 

94.9 

Walleye 

liver 

5.00 

2  ml 

22  X 

83.3 

Fish 

Food 

5.00 

1.1ml 

.3  ml 

— 

Fish 

Food 

5  .00 

4  ml 

.7  ml 

— 

Vitamin 
Standard 
(99,000  u.s.p.; 

Livers  of 

.03 

1 

2  ml 

4  X 

Thyroxine- 
injected  fish 

Livers  of 

5.7 

2  ml 

25  X 

57.7 

control  fish 
from  Thyroxine 
experiment 

7.8 

2  ml 

20  X 

52.5 

■ -  - 


si  qbib8 


T'jvxl 


s\  *XXbW 


dyaXXBW 


<  IJ 

I  nr  £ 


fl.Jir.- 

biBbfiBdrg 


Jndrajfcrsqx© 
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APPENDIX  XII 


Change  in  Maximum  Optical  density  of  all  Extracts 


Group 

Number  of 

Initial  Optical 

Density 

Final  Optical  Density 

Extracts 

Mean 

Range 

Mean 

Range 

Controls 

First  Diet 
Experiment 

13 

0.144 

0.056  - 

0.213 

0.284 

0.073  -  0.431 

Second  Diet 
Experiment 

7 

0.141 

0.055  - 

0.200 

0.165 

0.145  -  0.215 

Total  for 

Thyroxine 

Experiments 

23 

0.197 

0.064  - 

0  .355 

0.192 

0.040  -  0.290 

Experimentals 

First  Diet 
Experiment 

12 

0. 162 

0.052  - 

0.314 

0.295 

0.096  -  0.383 

Second  Diet 
Experiment 

8 

0.173 

0.095  - 

0.233 

0.137 

0.095  -  0.223 

Total  for 

Thyroxine 

Experiments 

36 

0.181 

0.070  - 

0.364 

0.163 

0.075  -  0.283 

